Equal access to childcare services is a key concern of childcare policy. This article analyses social inequalities in the availability of such services. We explore how observed disparities are related to the socio-economic status of neighbourhoods and investigate how different provider types contribute to such differences. To do so, we use data on all childcare centres in the city of Vienna, Austria, on the spatial distribution of children aged under six and on three measures of neighbourhood status, over a period of eight years. We find that spatial accessibility is highest in neighbourhoods with the highest socioeconomic status, that such inequality has increased over time and that both effects can be attributed to the role of non-profits. The results indicate that the policy change undertaken in Vienna towards increased communitarisation -that is, a shift towards non-profit provision -has undermined the universal character of the city's childcare system.
1 Introduction neighbourhoods benefit relatively more from the entry of private providers, in particular for-profit firms (see e.g. Lee and Jang, 2017; Owens and Rennhoff, 2014; Small and Stark, 2005) . So far, however, it has been difficult to evaluate whether such disparities arise only because affordability varies across neighbourhoods. Thanks to two 2009 policy changes in Vienna (see Section 3), we are able to fill this gap by investigating how spatial disparities are affected by a change in the welfare mix that is not driven by differences in affordability.
Our second contribution is that, rather than analysing differences in market entry (e.g., Owens and Rennhoff, 2014) or service quality (e.g., Cleveland and Krashinsky, 2009 ) across providers, we investigate children's spatial accessibility to childcare services. To do so, we apply a variant of the two-step floating catchment area method developed in the area of applied geography (see Radke and Mu, 2000) and so far used -within the social sciences -mainly in health economics (e.g., Dai, 2010; Delamater, 2013; Luo and Qi, 2009; Luo and Wang, 2003) . Third, given that socio-economic indicators vary much more between neighbourhoods within a city than between cities, focusing on a single city allows us to examine in close detail the relationship between local availability of childcare services and socio-economic differences.
In the next section of the paper, we discuss in greater detail the existing literature on disparities in the accessibility of childcare and the reasons for these. Section 3 then describes the specific Viennese situation as regards childcare provision. In Section 4, we describe the data that forms the basis of our study and the method employed to analyse it. Section 5 then presents our results, while the paper concludes, in Section 6, with a discussion of these.
3 2 Uneven access to childcare Differences in uptake of childcare by different socio-economic groups are a widespread phenomenon throughout European countries, although we find great diversity in their extent (Pavolini and Van Lancker, 2018; Van Lancker and Ghysels, 2016) . While some European countries, such as Denmark or Iceland, exhibit (almost) no inequalities, in most others, children from of lower socio-economic status are significantly less likely to use childcare than those of higher status. Austria belongs to the latter group, as well as being among the countries with generally low utilisation rates of full-time care (Van Lancker and Ghysels, 2016, p. 321) .
In general, the provision of childcare has been found to involve a complex interplay of demand and supply (Ellingsaeter and Gulbrandsen, 2007) , and the reasons for social inequality in utilisation are, as mentioned, manifold. Even after controlling for class differences in maternal employment rates, inequalities remain. Perhaps surprisingly, cultural norms regarding motherhood have been found to be relatively unimportant, while costs and availability are key explanatory variable (Abrassart and Bonoli, 2015; Pavolini and Van Lancker, 2018) . Van Lancker and Ghysels (2016) additionally point to a number of welfare state characteristics associated with social inequality in utilisation, most importantly parental leave schemes, childcare quality and government involvement in the supply of childcare services.
This final point or, more broadly, the welfare mix in provision is also a focus of various studies concerned with disparities between provider types in the accessibility of childcare services (e.g., Baum and Oliver, 1996; Cloney et al., 2016; Lee and Jang, 2017; Queralt and Witte, 1998; Small and Stark, 2005) . Although its findings are not fully consistent, the affordability of childcare is seen as a central determinant in this line of research. The underlying assumption is that 'the distribution of institutional resources is driven by the market' (Small and Stark, 2005) . In that vein, Noailly and Visser (2009) show how the introduction of market forces into a particular childcare market shifted provision to wealthy areas, while Owens and Rennhoff (2014) find that for-profits locate in areas with relatively more high-wage workers. Similarly, Lee and Jang (2017) and Small and Stark (2005) find for-profit providers to be a source of under-supply in disadvantaged neighbourhoods. Generally, both the public and the non-profit sectors are mentioned as a potential remedy for the inequitable distribution of facilities.
In assessing whether the non-profit sector is able to provide a more equitable distribution of services, it is useful to consider theories concerned to explain the sector's existence. According to Weisbrod (1975) for example, non-profits are likely to emerge predominantly in locations where accessibility to public or for-profit institutions is low. Such ideas also suggest that non-profit organisations can reduce spatial inequalities. The theory of comparative advantage, which highlights differences between public and non-profit providers, posits that the non-profit sector has an advantage over public agents given the time and effort required for public agencies to respond to needs (Billis and Glennerster, 1998) . Indeed, the argument for increased contracting-out of public services is based on the presumption that community-based organisations are more responsive to local needs than large, hierarchical government ones (Savas, 1987) . Deliberations on non-profit failure (Salamon, 1995) , on the other hand, mention the inability of non-profit organisations to provide sufficiently for 'human services problems'. The main reasons cited are a lack of resources and particularism, by which is meant the tendency for non-profit organisations to focus on servicing a narrow range of target groups (defined by religion, ethnicity, ideology or geography) while ignoring others.
Thus the relevant literature finds that the principal causes of inequality in childcare utilisation relate to affordability and availability. In measuring availability, however, spatial aspects have so far been treated rather crudely. Studies concerned with the spatial distribution of childcare facilities have mainly concentrated on comparing for-profit with public and non-profit providers, interpreting higher concentrations of childcare institutions in richer areas as a market reaction to higher levels of purchasing power and demand (e.g., Noailly and Visser, 2009) . With regard to nonprofit organisations, the theoretical literature provides no clear guidance on their implications for spatial accessibility, which may be greater in areas of either higher or lower socio-economic status.
Childcare provision in Vienna
We turn now to examine the provision of institutional childcare in Vienna, which involves three different types of nursery groups: groups for children under three only, groups for children aged three to five, and mixed-age groups for all children under six. Crucially, the framework within which provision is made experienced fundamental change in 2009. In that year, a legal requirement was introduced for children in their immediate pre-school year to attend day care for at least 16 hours a week. At the same time, the Vienna City Council introduced a new funding mode. Under this, full-time day care was made cost-free to all users -and widely promoted as such -although some small charges for ancillaries (e.g. materials or lunch) were maintained, and some non-profit providers continue to charge a small fee to cover extras such as extended opening hours. In return, the Council pays provider institutions a standard amount per child plus a lump sum.
Following these changes, Vienna's day-care market was to experience tremendous growth. Between 2007 and 2014, the number of day care institutions increased by 74%, from 837 to 1,454. In terms of coverage, 23.1% of all children under three and 83.1% of all children aged three to five attended a childcare institution in 2007. By 2014, however, the former proportion had almost doubled, to 40.2%, and 92.6% of all children between three and five were in formal day care (Statistik Austria, 2015, p. 85) .
The overall increase in supply was accompanied by a change in the mix of institutional providers. Here it should be noted that, even before 2009, day care was provided almost exclusively by public and non-profit institutions. In 2007, for instance, only 5% of all day-care centres were run by private, for-profit organisations, whereas 38% were run by public providers and 56% by (private) non-profit institutions. The subsequent expansion of total supply was accompanied by a further shift towards the last group. As illustrated in Figure 1 , growth took place almost exclusively in the non-profit sector, with public supply remaining more or less constant. Consequently, public agencies accounted for only 23% of all centres in 2014.
Meanwhile, for-profit organizations had disappeared from the market entirely being ineligible for public funding (Stadt Wien, 2014) , so that non-profit organisations accounted for the remaining 77%. Thus, in terms of welfare mix, Vienna's childcare system experienced not marketisation, but an increase in the role of the non-profit sector, described by Leibetseder et al. (2017) as 'communitarisation'. Given the universal character of the childcare service in Vienna (tax-funded and cost-free for all users), the theoretical considerations discussed in Section 2 would suggest that disparities in spatial accessibility to facilities between neighbourhoods of varying socio-economic status are unlikely. Moreover, we would expect any such disparities to have declined over time following the virtual elimination of childcare costs in 2009. One object of our study is to check whether these expectations are fulfilled. At the same time, the marked rise in the share of non-profit providers in Vienna from 2009 on provides us with an ideal opportunity to fill the gap in existing research identified at the end of Section 2 concerning the impact of nonprofit provision on inequalities in spatial accessibility.
Data and empirical strategy
In order to assess disparities in spatial accessibility of childcare in Vienna, and the impact of increasing non-profit provision on these, we collected various types of data. As we will see, these data were available at four different levels of spatial disaggregation. These are: (i) 250m × 250m grid cells independent of administrative boundaries, (ii) Vienna's 1,364 statistical enumeration districts (Zählsprengel -SEDs 1 ) , (iii) the city's 250 registration districts (Zählbezirke) and (iv) its 23 administrative districts (Bezirke). One type of data concerns the locations of children and childcare facilities. It is described in Subsection 4.1, which also sets out how these data were used to calculate measures of spatial accessibility. The second type, described in Subsection 4.2, relates to the socio-economic status of areas within the city. Finally, in Subsection 4.3, we describe how the two data types were then combined to assess the relationship between accessibility and status.
Spatial accessibility
As noted by Cleveland and Krashinsky (2009) , since transportation costs are high and account for a large fraction of total childcare costs, markets for childcare services 8 are geographically very small. A spatial analysis consequently has to be performed on a regionally highly disaggregated level. To operationalize the concept of spatial accessibility, we were able to draw on two suitably disaggregated data sets, the first of which comprises data on all childcare facilities in Vienna during the period 2007-2014. These data, provided by the Vienna City Council (Magistratsabteilung 23 ), were collected in October of the year concerned. They include information on facilities' exact location, 2 their capacity (number of groups), the type of nursery groups (groups for children aged 0-2, for children aged 3-5, and for heterogeneous age groups) and the managing institution. Centres can thus be classified into public and non-profit providers.
The second data set is provided annually by the Austrian Statistical Office (Statistik Austria) for the same period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . It comprises the entire population of Vienna, including the age and the place of residence of all individuals, at grid-cell level and thus provides extremely detailed information about the spatial distribution of the city's population. 3 We focus on individuals of pre-school age (i.e. aged under six), to whom we will refer henceforth as 'children '. 4 To derive a measure of spatial accessibility, we apply a variant of the two-step floating catchment area method (2SFCA). This was first proposed by Radke and Mu (2000) and Luo and Wang (2003) , and later refined by Qi (2009), Dai (2010) and Delamater (2013) . The process involved is illustrated in Figure 2 In the first step, we begin by calculating the weighted number of children in the catchment area of day care center d. We use the distance decay function f (dist d,c ) = dist −2 d,c between centre d's location and child c's place of residence to proxy demand decay 5 and set the catchment area radius to 500m. In doing so, we follow Author (2018) , who provide evidence that catchment areas for day care services in metropolitan areas have radii no greater than 500m, and that demand falls off rapidly as the distance to the day care centre increases. 6 In simple terms, this means that the closer a child is located to the centre concerned, the higher the weight assigned to them. Children located outside the centre's catchment area are assigned zero weights. We then calculate a variable indicating the degree of capacity utilisation of centre d, R d , as the inverse of the total weighted number of children in its catchment area (see equation (1)). This variable captures the idea that the accessibility of a particular childcare centre declines if the number of children in its catchment area increases and/or the locations of children within the catchment area move closer to the facility.
In the second step of the 2SFCA method, we derive a measure of spatial accessibility of overall provision for each child. To do this, we first weight the capacity utilisation R d of facility d by its capacity k d and by the distance decay function f (dist c,d ). These weighted capacity utilisations are then summed for all centres located within 500 metres of child c's place of residence to give the total spatial accessibility of provision A c for child c (see equation (2)).
type of provider with t ∈ {pub, NPO} for public or non-profit providers k d capacity (# of groups) of day care centre d dist c,d = dist d,c Euclidean distance between location of child c and day care centre
indicator for the degree of capacity utilisation of day care centre d A c accessibility level of child c
The accessibility measure A c is calculated every year for every child. It has a very intuitive interpretation since it increases:
• if the number of centres in the child's 'catchment area' rises;
• if these centres are located closer to the child's place of residence;
• if they increase in size (i.e., host a larger number of groups, indicated by capacity k d ); or
• if the weighted number of children within a centre's catchment area falls (indicated by an increased value of R d ).
Separate accessibility measures can be calculated for each provider type. Thus the spatial accessibility for child c provided by facilities of type t = pub, A pub c , is the (weighted) sum of the capacity utilisation values of all public centres R pub d , so that A pub
The total accessibility A c is simply the sum over all centres, public or non-profit,
Hence, we can disentangle the spatial accessibility and evaluate how much each type of provider contributes to it for each child.
Neighbourhood socio-economic status
To capture the socio-economic status of a particular area of the city, we use three different measures based respectively on education level, income and house prices.
Education level is assessed, on the basis of data for all residents aged over 14 in a particular grid cell provided by the Austrian Statistical Office for the year 2011, as the person's highest formal educational attainment. Specifically, we use the share of residents with a university degree or equivalent as our measure of each cell's status.
Information on income is provided annually by the same source and is available
for each year at the district level (see Bundesministerium für Digitalisierung und Wirtschaftsstandort, 2018a). Our income-based measure of status is the average individual net income of the district's residents. Finally, data on house prices, collected in 2015, are provided by the company 'DataScience' at the level of SEDs. As the related measure of status, we take the estimated purchase price of a standardized apartment located at the centroid of the SED. 7 In each case, we use the term 'neighbourhood' to refer to the smallest area for which data are available. 'Neighbourhoods' are thus smallest for our educational measure (grid cells) and largest for the income measure (districts). 8 In order to obtain a more sophisticated picture of how spatial accessibility (for all children in all years) of each provider type relates to our measures of neighbourhood status, we estimate the following regressions by OLS.
Relating accessibility to neighbourhood status
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Figure 3: Spatial accessibility by neighbourhood socio-economic status A t cy = α + βSES cy + X cy θ + µ y + cy
Here, A t cy indicates the accessibility measure for child c in year y from day care centres of type t. The variable SES cy denotes the relevant measure of neighbourhood status and the corresponding parameter β is the coefficient we wish to estimate. We control for additional neighbourhood characteristics X cy (with θ as the corresponding vector of parameters to be estimated), including the share of residents born in Austria, in (other) EU countries and outside the EU, and the female employment rate, as well as for fixed time effects µ y (to account for the overall increase in accessibility). α denotes the constant and cy the error term. The additional variables are available at the grid cell level and were collected in 2007 by the Statistical Office.
Finally, we include a dummy variable indicating the existence of an underground station in the respective grid cell as a further proxy for accessibility. 9 Summary statistics for all variables used in the empirical analyses are shown in Table 1 . Note that the accessibility measures are calculated for each child every year between 2007 and 2014, giving a total of 814,672 observations. To confirm that the estimated relationship between neighbourhood status and accessibility is not driven by the parametric restriction, we also followed a semi-parametric approach (see Appendix A). Finally, in order to investigate whether differences in the accessibility between neighbourhoods of differing socio-economic status changed over the period under observation, we estimate further regressions which include an interaction term:
with time y going from zero (in the year 2007) to 7 (in the year 2014) and β 1 and β 2 as the parameters of interest.
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Results
The results obtained by regressing spatial accessibility against each of our three status measures (equation 3) are presented in we can expect to find between 9% and 20% more groups in the first than in the second. Considering provider types separately results in the same pattern as was 16 apparent from Table 2 ; accessibility to public centres is between 3% and 26% lower in top-25% neighbourhoods than in bottom-25% ones, while accessibility to nonprofit providers is between 38% and 44% higher. These results are represented graphically by the circles in Figure 4 . We repeat these calculations for the top and bottom 10%, and for the top and bottom 1% of neighbourhoods. 10 In the first case, the percentage advantage enjoyed by the higher-status neighbourhoods in access to facilities run by non-profits varies between 69% and 98%, depending on the measure of neighbourhood status employed, while for the top and bottom 1% the range is 146%-194%. These results are illustrated in Figure 4 by the triangles and diamonds, respectively. They strongly reinforce the finding that inequalities in accessibility are mainly driven by non-profit organisations. Figure 4 : Illustration of the coefficients on neighbourhood status Turning now to the question of whether inequalities between neighbourhoods changed over the sample period, we consider the results of the regressions described by equation (4). These results are summarised in Table 3 . When spatial accessibility to all centres, irrespective of provider, is considered, and for the status measures house prices and educational level, the coefficient of the term introduced to account for time-related effects (β 2 ) is positive and statistically significant. This indicates that inequalities in accessibility between neighbourhoods increased over time; in other words, areas with higher socio-economic status benefited disproportionately from the expansion of childcare.
However, when public facilities alone are considered, β 2 does not differ from zero even at the 10% significance level for any measure: This suggests that public providers did not change their strategic orientation as regards the location of facilities in neighbourhoods of varying status. Their continuing weak focus on lower status areas, combined with the lack of growth in total public provision, increased the gap between growing demand and public supply of childcare services there. This widening gap could have been filled by non-profits if they had expanded their services predominantly in lower status areas. However, the results in Table 3 suggest they did not. Not only do non-profit facilities contribute more strongly to spatial accessibility the higher a neighbourhood's status, for two out of three measures of that status the resultant disparity increased over time. It would therefore seem that growth in the number and the market share of non-profit facilities contributed significantly to increasing inequality in the overall spatial accessibility to childcare services over the study period.
Discussion and conclusions
In the analysis of socio-economic inequalities in utilisation of childcare, previous studies have found availability and affordability to be key variables. This study has focused on the spatial dimension of availability. Unsurprisingly, over a period (2014) . Standard errors are reported in parentheses and are based on standard errors that are clustered at spatial level for which data for the relevant status measure are available *** significant at 1 %, ** significant at 5%, * significant at 10 % level.
of massive expansion of childcare in Vienna, it found an overall increase in spatial accessibility. However, this improvement varied between neighbourhoods. Throughout the period, spatial accessibility to childcare was better in neighbourhoods with higher socio-economic status. Additionally, these areas benefited disproportionately from the overall improvement in accessibility, which further increased inequalities.
A disaggregation by provider type revealed that this effect was driven by the nonprofit sector. Conversely, accessibility to public institutions actually tends to be higher in more deprived areas (although this result is not robust across all measures of neighbourhood status used in this article).
How can the higher prevalence of non-profit providers in areas with higher socioeconomic status be explained? At first glance, it seems rather surprising that such facilities should be distributed unevenly, given that they receive the same public funding irrespective of their location. We can only hypothesize about the reasons.
The first possible cause is the existence of differences in parental preferences, themselves perhaps resulting from differences in the opportunity cost of time and/or unequal labour participation rates across parents of different socio-economic groups. In other words, better educated and more affluent parents may have a greater need for childcare services. Given that public providers serve all neighbourhoods (roughly) equally, non-profits may simply respond to differences in demand by providing childcare services predominantly in wealthier areas.
Nonetheless, this explanation does not appear plausible in our context. On the one hand, there is no intuitive economic explanation for why differences in preferences should have increased over time, bearing in mind that the costs of formal childcare for parents decreased sharply after 2009. On the other hand, the age at which children start attending formal day care centres varies. However, since 2009 all children must attend a facility in their pre-school year (see Section 3), and in fact nearly all children do so from age three. It is thus reasonable to expect that preferences differ more among parents of children younger than three. Consequently, in an alternative specification, we effectively divided our analysis into two parts. In one, we considered the accessibility for toddlers (under threes) of nursery groups designed for this age group (see Section 3), in the other, the accessibility for 3-5-
year olds of nursery groups catering to them. We then performed the same analyses separately for these two distinct cases. The results are reported in Table B .1 in Appendix B. These show similar patterns of inequality for both age groups. While heterogeneous preferences between socio-economic groups may result in unequal access for toddlers, they can hardly explain the inequality for older children. This finding thus further undermines the hypothesis that different parental preferences across socio-economic groups can help explain the observed unequal distribution of non-profit facilities.
An alternative potential explanation highlights differences in parental resources.
Admittedly, childcare is promoted as free of charge for parents, and the additional monetary fees charged by some organisations are relatively low. However, they could still prevent parental take-up/demand in poorer areas. Moreover, some charges involve non-monetary resources, such as time. As volunteering rates differ across socio-economic classes (e.g., Bekkers, 2007) , and since the expectation that parents will volunteer their time may be higher in non-profit institutions, such charges may further deter demand from parents of lower socio-economic status. It is also worth noting that entrepreneurial consumers could be an important factor here, since many small non-profit providers of childcare are founded by parents. An uneven distribution of such entrepreneurial skills and activity between socio-economic groups is very plausible. Finally, differing parental preferences for alternative pedagogical concepts, on which many non-profits focus, could be a further significant factor.
While the results presented provide evidence of non-profit failure, there is certainly room for the analysis to be improved in future studies. For example, we disregarded such important aspects as opening hours and other quality aspects.
Furthermore, the reasons for the increased presence of non-profit providers in areas 22 with higher socio-economic status constitute an important unexplored area. Given the great heterogeneity of the non-profit sector, differences in spatial accessibility within it could usefully be explored.
With regard to the welfare mix, our results indicate that the policy change towards greater communitarisation in Vienna (that is, a shift towards non-profit provision) has undermined the universal character of the childcare system. Previous research has tended to see both the public and non-profit sectors as potential remedies for inequalities in childcare availability caused largely by for-profit providers (see Section 2). In contrast, our study shows that, even in a context where affordability should be virtually irrelevant, there are still inequalities in availability for different socio-economic groups. For the city government, in order to secure an equal distribution of providers in the city, adequate funding of the institutions is of importance if universal access is a policy goal. Otherwise, the re-mix of childcare providers towards the non-profit provision can be problematic because it creates spatial inequalities in the accessibility between socio-economic groups.
Endnotes 1 SEDs differ significantly from one another in both size and socio-demographic composition.
They are not 'merely artificial "statistical spaces" but are closely related either to historicaltopographical quarters or to newly built-up areas at the urban fringe' (Eurofound, 2009, p. 9) .
day care facilities was surveyed.
4 While the number of residents is given for all cells, data on the age structure is provided only for cells with more than 30 residents (until 2011) or 3 residents (since 2011). As a result, we were unable to consider in our analysis a small share (about 0.3%) of the total population. 5 We assume that both children and day care centres are located at the centroid of the relevant grid cell. The distance dist d,c between day care centres and children located in the same grid cell is set to 125m to approximate travel distance within one grid cell. 6 The results provided in this article, however, are robust to larger catchment areas or alternative distance decay functions. Results on a larger threshold distance dist max = 1km are reported in Brunauer et al. (2017) . 8 In our analysis, we use three indicators of neighbourhood socio-economic status independently.
In order to carry out a sensitivity analysis, we used a composite index variable based on all three measures. Results of this analysis are reported in Table C .5 in Appendix C, available online. 9 Data on the location of underground stations is available annually (Bundesministerium für Digitalisierung und Wirtschaftsstandort, 2018b).
10 Again, we use the terms 'top 10%' ('top 1%') and 'bottom 10%' ('bottom 1%') to refer to the 10 th (1 st ) and the 90 th (99 th ) percentile, respectively.
Appendix A. Results of the semi-parametric approach
To allow the relationship between the measure of spatial accessibility A cy and neighbourhood status to be non-linear, we alternatively estimate the relation between accessibility and neighbourhood characteristics semi-parametrically. While keeping a linear specification for the vector of controls, we impose no parametric restrictions on the relationship between socio-economic status and accessibility, and thus estimate the following equation semi-parametrically:
To obtain an estimatef (·), we apply a two-step procedure outlined by Robinson (1988) . We first obtain non-parametric estimates of E(A t |SES) and E([X, µ]|SES) and then regress A t − E(A t |SES) against [X, µ] − E([X, µ]|SES) to obtain a consistent estimate of θ and the time fixed effects. Finally, we regress A t − E([X, µ|SES)θ against SES non-parametrically to obtain our estimate f (.). Figure A.1 shows the results obtained for the non-parametric component of equation (5) with a kernel-weighted local polynomial regression. It illustrates how accessibility to childcare varies between neighbourhoods with lower and higher socioeconomic status. Sections A to C each relate to one of our status measures. In all models labelled (i), the spatial accessibility measure is based on all groups (A cy ), while specifications based on public groups only (A pub cy ) and non-profit groups only (A N P O cy ) are labelled (ii) and (iii), respectively. Again, the results make evident that spatial accessibility to day care is lower in lower-status neighbourhoods, and that the non-profit sector can be made accountable for this finding. Results for the public sector are less stable. Using education as status measure, we find higher accessibility to public institutions in lower-status areas, but the pattern is more ambiguous when status is measured by income or housing prices. × 1,000), respectively, on the y-axis. Figures A(i) , B(i) and C(i) also include kernel density estimates of the relevant measure of neighbourhood status (dashed lines, right-hand y-axis). These estimates are based on Epanechnikov's kernel function with bandwidths 2, 1 and 0.2 for the education, income and house-price measures, respectively. The non-parametric parts of the semi-parametric regression are also based on Epanechnikov kernels with a polynomial smooth degree of 0 and bandwidths of 5, 1 and 0.2 for the respective measures.
Appendix B. Accessibility for different age groups
In this sensitivity analysis we investigate whether the pattern found in the main part of the article for all children, with non-profits being more active in higherstatus neighbourhoods, is replicated both for children under three (toddlers) and for children aged three to five. To calculate the spatial accessibility measure A cy for each age group separately, all groups are categorized according to the age group to which they cater. Groups for heterogeneous age groups are split and account for one-third for toddlers and two-thirds for older children, which reflects the regular shares of toddlers and older children in this type of group. The spatial accessibility measure for older children equals 0.044 and is about 2.5 times as high compared to younger children (with A cy = 0.018 on average), matching the higher utilisation rates for older children.
The results on the respective regressions, reported in Table B .1, show that the findings for children below and above three years are very similar to each other, and also similar to the results for all children between zero and five, reported in the main part of the article: Spatial accessibility is higher in better neighbourhoods, and the non-profits significantly contribute to this inequality. These results hold for both age groups and irrespective of the applied measure of neighbourhood status. Public providers again tend to balance this inequality to some extent, but do so in a statistically significant way only when socio-economic status is measured by education. Note that the coefficients on neighbourhood status when investigating three-to five-year-old children are (in absolute terms) about twice as high compared to the younger age group, reflecting the differences in the mean and the variation of the endogenous variable on spatial accessibility. While we again find large differences between public and non-profit providers regarding the neighbourhoods primarily served by childcare services, we cannot find differences between these two provider types with respect to the two age groups of children. Notes: Accessibility measures are scaled by 1,000. All regressions include fixed year effects and additional variables on neighbourhood characteristics (on female employment rates, share of residents born in Austria or in other EU countries, and on connectivity). Standard errors are reported in parentheses and are based on standard errors that are clustered at the regional level at which the status measure is available. *** significant at 1 %, ** significant at 5%, * significant at 10 % level.
Appendix C. Additional results -intended for online publication only 1 Standard errors are reported in parentheses and are based on standard errors that are clustered at the regional level at which the status measure is available. *** significant at 1 %, ** significant at 5%, * significant at 10 % level. Standard errors are reported in parentheses and are based on standard errors that are clustered at the regional level at which the status measure is available. *** significant at 1 %, ** significant at 5%, * significant at 10 % level. . Standard errors are reported in parentheses and are based on standard errors that are clustered at the regional level at which the status measure is available. *** significant at 1 %, ** significant at 5%, * significant at 10 % level. Notes: Accessibility measures are scaled by 1,000. Neighbourhood quality is measured by the mean of the standardized variables on education, income and house prices (see Cronbach, 1951) . All regressions include fixed year effects and additional variables on neighbourhood characteristics (on female employment rates, share of residents born in Austria or in other EU countries, and on connectivity). The variable 'time' indicates the year of observation, going from 0 (for 2007) to 7 (for 2014). Standard errors are reported in parentheses and are based on standard errors that are clustered at the regional level at which the status measure is available. *** significant at 1 %, ** significant at 5%, * significant at 10 % level. Table 2 . Fixed year effects are included, but not reported for brevity. Standard errors are reported in parentheses and are based on standard errors that are clustered at the regional level at which the status measure is available. *** significant at 1 %, ** significant at 5%, * significant at 10 % level.
7 Table C .7: Regression results on the accessibility to nursery groups interacting with time (control variables - Table 3 Table 3 . Fixed year effects are included, but not reported for brevity. Standard errors are reported in parentheses and are based on standard errors that are clustered at the regional level at which the status measure is available. *** significant at 1 %, ** significant at 5%, * significant at 10 % level.
